Many curves have been proposed and debated to model individual growth of marine invertebrates. Broadly, they fall into two classes, first order (e.g. von Bertalanffy) and sigmoidal (e.g. Gompertz). We provide an innovative approach which demonstrates that the growth curves are not mutually exclusive but that either may arise from a simple three-stage growth model  →  → k k 1 2 A B C with two steps (k 1 and k 2 ) depending on the ratio of the growth parameters k k 1 2 . The new approach predicts sigmoidal growth when k k 1 2 is close to 1, but if either growth from stage A to stage B or B to C is fast relative to the other, the slower of the two steps becomes the growth limiting step and the model reduces to first order growth. The resulting curves indicate that there is a substantial difference in the estimated size at time t during the period of active growth. This novel two-step rate model generates a growth surface that allows for changes in the rate parameters over time as reflected in the new parameter n(t) = k 1 (t) − k 2 (t). The added degree of freedom brings about individual growth trajectories across the growth surface that is not easily mapped using conventional growth modeling techniques. This two (or more) stage growth model yields a growth surface that allows for a wide range of growth trajectories, accommodating staged growth, growth lags, as well as indeterminate growth and can help resolve debates as to which growth curves should be used to model animal growth. This flexibility can improve estimates of growth parameters used in population models influencing model outcomes and ultimately management decisions.
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Introduction
Selecting a curve to model individual growth for marine invertebrates can be difficult because invertebrates exhibit a suite of complicated growth features [1] . Many invertebrates exhibit staged growth, for example crabs and lobsters molt their hard exoskeleton to permit growth [2] . Some invertebrates are thought to have continuous or indeterminate growth throughout their lives [3] . Growth during the juvenile stage may include a lag until some intermediate size is reached after which growth is maximized [4] . Somatic growth may slow when invertebrates mature and shift energy allocation to reproduction [5] [6] . Invertebrates can also shrink in size, restructuring calcium hard-parts such as sea urchin tests, and rough wave action can wear down mollusk shells out pacing slow growth in large adults. Invertebrates and some fishes do not appear to follow first order growth as suggested by traditional von Bertalanffy growth curves, so that new models have been proposed [7] - [9] . Furthermore, decisions regarding which growth models to use can have major impacts on predicted growth rates. For example, if 75% of adult size is a minimum legal size, the time to fishery estimated by the sigmoidal curve may be double that of the first order curve.
Due to these complications and the importance for modeling invertebrate growth, there has been disagreement in the modeling community as to the appropriateness of selecting a first order growth equation (e.g. von Bertalanffy) or a sigmoidal curve (e.g. Gompertz). Even with the von Bertalanffy model there have been calls for use of the three-parameter von Bertalanffy compared with the two-parameter model due to bias in estimates generated from the two parameter form [10] . It has been suggested that since some invertebrates continue to grow very slowly, models which approach a gradual linear increase may be best, a feature the von Bertalanffy model lacks. The von Bertalanffy function [11] , which is commonly used to model growth in fishes, has been shown to overestimate juvenile growth for invertebrates [4] [7] . Therefore, other models have been used such as the Gompertz model [12] - [15] and the Ricker family of curves [16] . Models such as the Tanaka function [17] and the Gaussian model [18] have also been used as they can accommodate some of the complications observed for invertebrate growth. The inverse logistic has been shown to perform best for some invertebrates [7] [8] and this type of model has the advantage of having low biological prediction error [19] . Growth can also be seasonal and there have been efforts to incorporate seasonality into growth models [15] [20] which require an increase in the number of parameters in the model [21] . Therefore, selecting an appropriate growth model is not a trivial task and selection has been shown to have an impact on fisheries model results impacting management decisions.
Fishery modeling efforts are sensitive to both growth model selection and growth parameters. Optimal fishing mortality rates (F) are heavily influenced by growth parameters. Calculating growth rates directly based on tag recapture or indirectly using size frequency methods can also lead to disparate results [22] . Selecting models or methods which overestimate growth can lead to fishing policies that are too liberal while underestimating growth can lead to conservative fishing policies. Excessive fishing compared to growth capacity can lead to overfishing and population collapse. Overly conservative fishing policies can hurt the economic viability of fisheries. Egg per recruit models, for example, have been shown to be sensitive to growth parameter estimates significantly changing EPR model projections [23] . Therefore, given the critical importance of growth parameter estimation a method that allows for flexibility in mapping a wide range of growth possibilities is needed.
To examine how different types of growth can be accommodated, we explored a novel method of visualizing and modeling growth using a simple two-step, three-stage growth model 1 2
 →  → which may ameliorate some of the apparent contradictions reported for both increment data and growth modeling. We examine the rate equations which progress through three (or more) growth stages A, B, and C. These equations yield either a sigmoidal approach to the fully grown state if the growth rates k 1 and k 2 are similar, or to a first order von Bertalanffy curve if they are not. Finally, we show by allowing the growth rate ratio to vary with time that the result produces a growth surface over which the actual growth of an individual organism can be mapped. We emphasize that we are not proposing a new model to add to the vast collection of growth models being used already, but that we are showing how apparent contradictions in previous studies can be reconciled for organisms that grow by two or more stages since growth can be envisioned across a growth surface that encompasses a suite of growth trajectories (models).
Theory
Growth studies often follow a conventional one-step model 
A change of notation gives, 
where ( ) S t denotes size and S ∞ denotes the final size attained at a time substantially greater than the period of active growth ("infinite" time). This equation is commonly called the von Bertalanffy equation or Brody-von Bertalanffy equation [10] .
We seek to examine results from a sequential growth model which focuses on transitions between distinct stages. These stages may encompass radical metamorphosis (changes in body plan) or more subtle transitions from juvenile to reproductive adult which do not change outward appearance.
A sequential growth mechanism involving first order steps 
where n = k 1 − k 2 .
Methods and Results
We shall maintain the distinction between growth of an animal and growth of a population. Here we consider animal growth and not population growth. We have expressions for transitions from stages A, to B, and B to C as a function of time t, A(t), B(t), and C(t) (Notice that 0 A is a parameter, not a variable). We can look at the effect of the two stage model on the growth curve in Figure 1 .
One can look at the model from two sides, the two extreme cases, one in which 1 2 k k  and the other case where 2 1 k k  . In the first extreme case, the transfer rate from stage 1 to stage 2 (from A to B) is large and the entire system rushes from A to B only to be detained by slow passage from B to C. In this case, the second transfer controls the total transfer and the second step is the rate controlling step. The rate of increase of C(t) (growth) is controlled entirely by the second step rate constant 2 k and the rate equation is a first order von Bertalanffy type equation.
In the second extreme case, the rate controlling step is the first transfer, which is slow from A to B followed by a fast transfer from B to C. The growing animal moves through the transition from A to B slowly but the magnitude of the potential growth function B(t) is quickly drawn off to growth stage C. B(t) never becomes very large (see Mathematical Supplement Figure S1 ). The rate equation is again first order but it has a different rate constant 1 k . Only when the two rate constants k 1 and k 2 are fairly close to one another does one see the sigmoidal nature of the two stage process in Table 1 .
An interesting point arises when we take the growth surface through the minimum at ( ) ( ) , 0 C t f n t = = . The surface is not defined because k 1 /k 2 − k 1 has zero in the denominator. Also ( ) − is zero. This should not cause concern because the surface is reinstated on the negative side of the t = 0 axis. The denominator in k 1 /k 2 − k 1 changes sign when k 1 becomes dominant but the sign of ( ) 
Neither dominates k 2 dominates k 1 dominates reinstated on the negative side of k 1 /k 2 − k 1 .
B(t) has a maximum at the inflection point of the function C(t) = f(t).
It can be related to the distance between the actual curve at the inflection point and the curve that would be found if von Bertalanffy kinetics had been followed. The ratio of k 1 /k 2 can be estimated from the distance between the actual curve and the experimental curve had the first order function been followed. As the distance between the actual curve and the hypothetical first order curve approaches zero, the ratio approaches 1. Practical use of this relationship would require very accurate experimental data.
Discussion
In this paper, we present a multistage growth model which shows the relationship between a suite of linear and non-linear growth curves across a growth surface used to model individual growth. We show that the rates of growth between stages determine the growth trajectory that can be described as a family of curves with the first order curve or the sigmoidal curve as limits. Depending on the difference in the values of the growth rate constants (n = k 2 − k 1 ), the growth trajectory follows a first order or sigmoidal portion of the growth surface in Figure 1 with the slower growth rate as the rate limiting step.
When both growth rates k 1 and k 2 are similar, the final growth trajectory follows a sigmoidal curve and when they differ it follows a first order trajectory (1 − e −kt ). Because growth from stage A to growth stage C can be represented as a surface, we envision growth curves that vary across the entire surface such that size is a function of two variables C(t) = f (n, t). With this model, we see that individual growth can be described as a first order curve or as sigmoidal curve depending on the difference in the values of k. This allows for an infinite number of combinations and variations in individual growth across the growth surface as may occur with marine invertebrates.
The three stage model can be expanded to stages beyond C as a simple extension of the present model to stages D, E, and so on. Within a two (or more) stage growth model, it is possible for different research groups to report (correctly) different growth curves for similar populations. Different portions of the growth surface dominate during different life history stages. Likewise, different portions of the curve describe growth under different environmental conditions. For example, growth in red abalone slows during warm water periods such as El Niño events when kelp resources are scarce [27] . In addition, growth is often seasonal such that animals grow more during some parts of the year than others [21] [28] .
There are many factors which may influence growth in addition to environmental factors. Selection, either natural or artificial, may act as a force favoring fast or slow growth. Variation in abalone size plays a role in abalone culture facilities for aquaculture (R. Fields pers. comm.) and conservation. Small size adults may dominate especially in heavily fished populations [29] . Queen conch, for example, is fished in the Caribbean and at some sites there are only small adults with thick shells called "sambas" [30] . Similarly, in the abalone fishery in Australia differences in growth are found in abalone leading to protected reefs with small adults known as "short beds" just under the minimum legal size [31] . Regional growth rates may also differ such as with Geoduck, Panopea globose, in Mexico with important implications for management [32] . Adults that reach a small final size may have different growth rates compared to those which reach larger final sizes [33] .
Invertebrates tend to have high levels of individual variation in both growth rate and final size. Final size, C ∞ in the von Bertalanffy or Gompertz model can be thought of as a distribution of maximum lengths since populations are filled with adults of varying sizes [33] . Model final size can also be thought of as the "most probable" value in a distribution of actual final sizes [7] . Differences in the shape of the growth model have been accommodated in the earlier Richards family of curves [34] by the addition of a poorly defined "shape parameter" which when it = 1 gives the logistic curve (sigmoidal) and when it = −1 gives the von Bertalanffy (first order). Figure 2 , is arbitrary because we can choose any unit for size or time but note the change in scale for the time axis. We have chosen the size at "infinite time" to be 1.0 which makes the potential for growth also 1.0 arbitrary units at t 0 = 0.
In this work, we show that in a two stage model, shape is controlled by the well defined ratio k 1 /k 2 − k 1 . This ratio is an improvement over previous methods as it explicitly shows what stage is controlling the growth trajectory.
The trajectory across the surface defines a path of the probability maximum over points on the growth surface. Fast, slow and negative growth can be accommodated by the growth surface in Figure 2 .
In a two stage model, the growth rate C(t) = f(n, t), on the surface represents all possible curves. By selecting one growth curve it is possible to specify the curve which represents the most probable growth curve. There are many ways growth may vary because individual trajectories can move along the k 1 /k 2 − k 1 surface in any direction. This flexible growth surface allows for visualization of all possible growth trajectories and will be useful in modeling growth in animals with complex life histories, staged growth and even negative growth. The well defined parameters will allow for better estimates of growth for use in fishery and population models.
Mathematical Supplement

S.1. The Laplace Integral Transform
The Laplace Transform L is defined ( ) 
F t t F t F t t F t s F t t F t sf s
S.2. Application
We wish to solve ( ) ( ) There is no reason to believe that the rate parameter governing any stage transition will be constant (deterministic). For this reason we propose a growth surface over which an animal or population growth mean may wander during the growth process (Figure S1-S3) .
